SYNOPSIS Serum a2-macroglobulin levels were measured in normal subjects and in patients with various diseases by an immunochemical method.
also been measured in patients with chronic liver disease, who frequently show quantitative serum protein abnormalities (Sherlock, 1963) , in a small number of nephrotic patients, in whom high levels have been reported (Schultze and Schwick, 1959;  Steines and Mehl, 1966) , and in a group of patients with miscellaneous diseases.
MATERIALS AND METHODS
SERA Normal sera were obtained from 16 male and 19 female laboratory staff or blood donors.
Disease sera were obtained from 23 males and 31 females with rheumatoid arthritis; seven males and 18 females with chronic liver disease (16 with active chronic hepatitis, three with primary biliary cirrhosis, and six miscellaneous); three males and five females with the nephrotic syndrome; nine males and 13 females with miscellaneous diseases (inciuding eight with thyroid diseases, six with connective tissue diseases, and two cases of carcinoma).
All normal subjects and patients were more than 20 years old except for four of the nephrotics who were aged 4, 11, 14, and 19 years respectively.
a2-MACROGLOBULIN FOR IMMUNIZATION PURPOSES This
was prepared from normal human serum as follows:
1 Low density lipoproteins were precipitated by dilution of the serum with 9 volumes of calcium barbitone buffer pH 9-0 and the addition of 0-4 volumes of 0-5% dextran sulphate, molecular weight 2 x 10f (a modification of the method of Walton and Scott, 1964) ; 27 group.bmj.com on October 28, 2017 -Published by http://jcp.bmj.com/ Downloaded from the precipitate was spun down at 4,000 r.p.m. for 30 minutes.
2 The supernatant was dialysed against distilled water, lyophilized, and redissolved in approximately the initial (serum) volume of 0-06 M veronal buffer pH 8-6.
3 Preparative electrophoresis was carried out in Pevikon-Geon (Fahey and McLaughlin, 1963) and the CX2-macroglobulin-containing fractions (identified by Ouchterlony tests using a specific antiserum) were pooled and concentrated by ultrafiltration.
4 The a2-macroglobulin was finally isolated by fractionation on Sephadex G200. Serum, 20 ml., yielded on average 12 mg. of cx2-macroglobulin (representing about 25% recovery), which was pure on immunoelectrophoresis against a polyvalent antihuman serum (Burroughs Wellcome).
ANTI-x2-MACROGLOBULIN SERuM This was raised in rabbits by immunization with the above preparation (6 mg. total) in complete Freund's adjuvant and rendered specific by absorption with concentrated material from the pooled second and third peaks from a Sephadex G200 fractionation of normal human serum. GIOO (Ratciff and Hardwicke, 1964) . The normal values for this method are: men, mean 106-8 mg./100 ml. and SD 25 8; women, mean 82-7 mg./100 ml. SD 20-2.
C-REACTIVE PROTEIN This was measured by a geldiffusion precipitin method (Crockson, 1963) . The results could be expressed in absolute units (pg./ml.) since the C-reactive protein content of the standard serum used in the estimations had been measured by the antibody neutralization technique (Wright, 1959) using known concentrations of pure C-reactive protein isolated from human ascitic fluid (Crockson, personal communication Normal men had a mean value of 284 mg./100 ml. with a standard deviation of 89-6 mg./100 ml. The mean for normal women was significantly higher at 350 mg./100 ml. (p < 0-05) with a standard deviation of 94-5mg./100ml.
The mean level in male rheumatoid patients, 287 mg./100 ml., was almost identical to that for normal men. Female rheumatoid patients had a mean value of 308 mg./100 ml., which was considerably lower than their normal mean but just failed to reach significance at the 5% level. The individual levels bore no relationship to haptoglobin or C-reactive protein in either men or women (Figs. 3 and 4) . (Forty of the 54 patients had haptoglobin values more than two standard deviations above the normal mean for their sex (Fig. 3) , and all patients had detectable C-reactive protein, values ranging up to 400 ,ug./ml. (Figure 4 ).)
In both men and women with chronic liver disease the mean %a-macroglobulin level was higher than normal at 390 mg./100 ml. and 380 mg./100 ml. respectively. The difference was statistically significant in men (0-05 > p > 0-02) but not in women.
The levels in the nephrotic patients were extremely high, the mean for males being 520 mg./100 ml. and for females 590 mg./100 ml.
In the miscellaneous group there was no significant variation from normal levels; the mean value for men was 272 mg./100 ml. and for women 307 mg./100 ml. 
DISCUSSION
The oe2-macroglobulin levels in the normal subjects agree well with the results of James et al. (1966) and Schultze and Schwick (1959) but are higher than those reported by Ganrot and Schersten (1967) . The reported finding of significantly higher levels in normal women than in normal men (James et al., 1966; Ganrot and Schersten, 1967) is confirmed. This sex difference remains unexplained but in view of the even higher levels found in pregnant women (Schumacher and Schlumberger, 1963) it is perhaps more likely to be related to the possible functions of cx2-macroglobulin in hormone transport than to its role in enzyme processes.
The low level in female rheumatoid patients confirms the findings of James et al. (1966) and, although the results presented here are not by themselves statistically significant, combining the results from the two series shows a highly significant (P < O 01) differencefrom the mean fornormal women. However, depression of x2-macroglobulin levels is not specific for rheumatoid arthritis as low values have also been reported in multiple myeloma (James et al., 1966) . That ax2-macroglobulin does not take part in the acute phase response is indicated by its failure to increase in rheumatoid arthritic patients who showed the acute phase reaction, as demonstrated by high haptoglobin levels and the presence of C-reactive protein.
The significance of the raised level in chronic liver disease is unknown. It could conceivably be part of a general increase in plasma globulin synthesis to compensate for the hypoalbuminaemia which is frequently present (Sherlock, 1963) . If this were the case, then c2-macroglobulin levels might be expected to be roughly proportional to total serum globulin and inversely proportional to serum albumin. However, there was no evidence of such relationships in the present study: in fact there was some suggestion that oI2-macroglobulin was directly proportional to serum albumin (Fig. 5) . ac2-Macroglobulin levels did not appear, either, to be related to the type of chronic disease present, although the numbers were too small to draw firm conclusions. Fourteen of the 25 liver disease patients were on ACTH or corticosteroid therapy but this was not related to %e-macroglobulin concentration either in this group or in the patients with rheumatoid arthritis. If, however, cx2-macroglobin is involved in oestrogen metabolism, as the higher levels in normal women and especially in pregnant women suggest, then the marked increase in menwith chronic liver disease could reflect failure of oestrogen inactivation (Tagnon, Lieberman, Schulman, and Brunschwig, 1952) . There is clinical evidence of Alpha2-macroglobulin levels in disease in man oestrogen excess in male, but not female, cirrhotics (Sherlock, 1963) .
The very high values in the nephrotic sera support previous findings (Schultze and Schwick, 1959; Steines and Mehl, 1966; Kluthe, Hagemann, and Kleine, 1967) . Statistical comparison of this group with the normal subjects could not be carried out because four of the nephrotic patients were aged less than 20 years, whereas all of the normal subjects were more than 20 years old; CX2-macroglobulin levels are known to be higher in children, falling to adult values in the third decade (Ganrot and Schersten, 1967; Weiss, 1965) . Nevertheless, six of the eight nephrotics had values of 500 mg./100 ml. or more which, even allowing for age as indicated by the published figures, puts them above the upper limit of normal. There is no satisfactory explanation for the raised plasma x2-macroglobulin in the nephrotic syndrome. Kluthe et al. (1967) , investigating o%-macroglobulin turnover in nephrotics, have reported normal absolute catabolic rates (and inferred normal absolute rates of synthesis) and suggest that the high plasma levels result from diminution of plasma volume and selective retention of high molecular weight proteins by the kidney. However, it is improbable that these factors alone could produce levels of the order found in this study or in the series of Kluthe et al. (up to 735 mg./100 ml.); it seems more likely that other factors are operating such as prolonged halflife (as indeed Kluthe et al. found) or increased rate of synthesis.
The lack of significant changes in ox2-macroglobulin levels in the patients with miscellaneous disorders indicates that there is no non-specific change in response to disease processes. Changes in the levels of an individual serum protein in different disease states may give information about its function but the results of this study do not suggest any further role for x2-macroglobulin.
